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Abstract
The results of the first survey carried out in northern Spain to determine atmospheric deposition of metals by
analysis of terrestrial mosses, are described. Samples of different mosses, mainly Hypnum cupressiforme and
Scleropodium purum, were collected from 134 sampling sites, between 1995 and 1996. Levels of Al, As, Cr, Cu, Fe,
Hg, Ni, Pb and Zn, were determined by flame atomic absorption or atomic fluorescence spectrophotometry. Regression
analysis was used to compare the capacity of the selected moss species to accumulate the elements, and intercalibration
of accumulation in these species was carried out where necessary. Distribution maps were prepared to allow the zones
most affected by metal deposition to be identified and to relate this to known sources of contamination: electricity
power stations and other industries (e.g. Hg and Ni), edaphic contamination (e.g. Al and Cr) and road traffic (Pb).
Background levels of metals in each species were also determined for the study area.
 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction
Terrestrial mosses have been used successfully
over the past 30 years to monitor and map atmos-
pheric deposition of contaminants in different parts
of the world (e.g. Ruhling and Tyler, 1970; Grod-¨
*Corresponding author. Tel.: q34-981-563100; fax: q34-
981-596904.
E-mail address: bfjafe@usc.es (J.A. Fernandez).´
zinska et al., 1990; Sawidis and Heinrich, 1992;
Himberg and Pakarinen, 1994; Thoni et al., 1996;¨
Ruhling and Steinnes, 1998; Gerdol et al., 2000).¨
This has been possible because mosses take up
nutrients, and also contaminants, directly from the
atmosphere.
Compared with higher plants, mosses have sev-
eral advantages which make them more suitable
for this kind of study. Mosses lack a root system
and a well-developed cuticle thus, on one hand
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the substrate has little influence on the levels of
contaminants in their tissues and, on the other
hand, they readily take up atmospheric contami-
nants. The cationic exchange capacity in mosses
is high and they possess a high surface area to
volume ratio, factors which both favour the accu-
mulation of large amounts of pollutants.
In the 1980s, an extensive sampling programme
was begun in Scandinavia on the initiative of a
group of Danish and Swedish scientists. Since then
sampling has been carried out every 5 years (with
the financial backing of the Nordic Council of
Ministers) thus providing valuable information on
the patterns of deposition of contaminants in Scan-
dinavia and adjacent regions. In 1990 the sampling
programme was extended to include central and
central-eastern European countries. At that time
few samples were collected from southern Euro-
pean countries, such as Spain and Italy (Ruhling,¨
1994).
The chief organiser of the programme, Dr A.˚
Ruhling, invited the authors of the present study¨
to participate in the 1995 sampling. The results
presented here correspond to the part of northern
Spain with the most stable climatic conditions and
where the highest density of sampling sites (s.s.)
was attained. Although the technique is widely
known, it had never been used in many parts of
northern Spain, the only data existing being from
Galicia, in the extreme northwest of the country
(Fernandez et al., 2000b).´
The results of the sampling survey carried out
in 1995 and 1996 with the aim of producing the
first assessment of heavy metal deposition, by
moss analysis, in Spain, are presented. The main
objectives of the survey were as follows:
1. To establish a network of sampling that would
allow monitoring in northern Spain, following
the methods of the European programme of
biomonitoring using moss.
2. To determine which species of moss to use.
3. To make comparisons between species as a
reference for future studies.
4. To establish patterns of distribution of the ele-
ments analysed and to identify sources of con-
tamination and contaminated areas.
5. To make available data that can be compared
with results of further surveys.
2. Materials and methods
2.1. Sampling and chemical analysis
The suggestions of Ruhling (1994) were fol-¨
lowed before choosing the species of moss to use,
and these were: Pleurozium schreberi (Brid.)Mitt.,
Hylocomium splendens (Hedw.) B., S. & G., Hyp-
num cupressiforme Hedw., Scleropodium purum
(Hedw.) Limpr. and Thuidium tamariscinum
(Hedw.) B., S. & G. However, during sampling
we found 9 specimens of P. schreberi (6.8% of all
the samples collected), 6 of H. splendens (4.5%),
103 of H. cupressiforme (77.4%), 68 of S. purum
(51.1%) and 5 of T. tamariscinum (3.8%). Only
the samples of H. cupressiforme and S. purum
were analysed because the other species were less
frequently found at the s.s. in the area studied (the
most extended species was present at -7% of the
sites).
Sampling was carried out in 1995 (April–July)
and 1996 (March–July); 134 s.s. were spread
throughout several provinces in northern Spain,
with high densities in the eastern and western
regions (Fig. 1). The number of s.s. in the whole
area studied (approximately 150 000 km ) was2
equivalent to a density of 0.9 sitesy1000 km .2
Collection of moss samples was performed
according to the protocol adopted within the Eur-
opean Heavy Metal Survey (Ruhling, 1994). All¨
s.s. were located at least 300 m from highways
and main roads and at least 100 m from any roads
or houses. At each site, 5–10 samples were col-
lected within a 50=50 m area and combined in2
a composite sample. Where possible, the samples
were taken from open areas and small forest
clearings, located as far as possible from the
nearest tree, although at some sites samples were
collected under tree canopies.
In the laboratory, the apices of the shoots (3–4
cm) were cut from the moss and washed with
bidistilled water. The selected material was then
dried to constant weight in a forced-air oven at 50
8C. For analysis, 650 mg of homogenized moss
tissue were digested with 10 ml of nitric acid
(65%; Merck , analytical grade) in a conventional
microwave oven. The contents of Al, Cr, Cu, Fe,
Ni, Pb and Zn in the extracts were determined
using flame absorption spectrophotometry and
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Fig. 1. Location of s.s. in Spain (j H. cupressiforme, d S. purum, m sites where both species occurred and were collected at the
same time). The map shows the oceanic-continent gradient of the study area.
those of As and Hg by atomic fluorescence
spectrophotometry.
Quality control was carried out by parallel
analysis of certified reference material (BCR 61,
aquatic moss). The possibility of contamination
during the digestion process was controlled by use
of procedural blanks (1 every 10 samples). In
order to minimize variations in sampling, extrac-
tion and analysis, a total of 10 replicates from one
sample were analysed; the coefficients of variation
ranged between 0.2 and 12%, depending on the
element.
2.2. Statistical analysis
2.2.1. Comparison between species
The differences in bioconcentration in H.
cupressiforme and S. purum were compared by
means of regression analysis. The metal concentra-
tions in the tissues of two species at a s.s. are not
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independent because they are related to the loca-
tion of the site and the amount of metal deposition.
ANOVA or other simple tests for comparison of
means are therefore not applicable. In regression
analysis, if the null hypothesis is true, when the
pairs of values are plotted, a straight line with
slope equal to 1 should be obtained. To find if
there are differences between the species, it must
be found whether the slope of the regression line
that relates bioconcentration in H. cupressiforme
and S. purum is significantly different from a slope
equal to 1. We compared the slopes using the
method suggested by Zar (1984).
In this study, the concentration values of one of
the variables were not able to be selected, the
values obtained in the field were used instead, i.e.
the ‘independent variable’ was not really inde-
pendent. In this situation, Model II regression is
recommended for use instead of the usual Model
I (Sokal and Rohlf, 1995; Zar, 1984); the regres-
sion was calculated as major axis regression.
2.2.2. Background levels and contamination
factors
The background level of a determined element
is the value representing the usual conditions of
the area under study which, although affected by
human activity, is well conserved (Carballeira et
al., 2002). In the latter study, the authors have
shown modal analysis to be a good method for
estimating background levels in terrestrial mosses,
and this method was therefore chosen for use in
the present study. Modal analysis allows subpo-
pulations within the element concentrations data
to be identified. The subpopulation corresponding
to the lowest mean concentration is assumed to
consist of data from unpolluted sites (for further
details, see Carballeira et al., 2002).
Once the concentration of a certain element in
a moss sample is known, the following step con-
sists of determining whether this concentration
indicates contamination, i.e. if the concentration
of the element is relatively high compared with
the usual levels of this element. The simplest
method of doing this is to calculate contamination
factors (CF) for each element, i.e. the relationship
between the concentration in the moss samples
and the corresponding background level.
Following calculation of the CF it is possible to
classify each s.s. according to the levels of each
element, using the scale proposed by Fernandez´
and Carballeira (2001). This scale, which was
constructed taking into account how contaminants
are dispersed in the atmosphere, allows determi-
nation of whether or not a site is contaminated,
and if so the degree of contamination. The scale
comprises of six categories, defined as follows:
Category 1 (CF(1) no contamination; Category
2 (1-CF(2) suspected contamination; Category
3 (2-CF(3.5) slight contamination; Category 4
(3.5-CF(8) moderate contamination; Category
5 (8-CF(27) serious contamination, and Cate-
gory 6 (CF)27) extremely serious contamination.
3. Results and discussion
3.1. Species distribution
There were notable differences in the distribu-
tion of H. cupressiforme and S. purum in the area
studied. H. cupressiforme was widely distributed
throughout the whole zone, in coastal as well as
inland areas, whereas S. purum appeared almost
exclusively in coastal areas and occurred only
rarely at inland sites. According to data from the
Spanish National Institute of Meteorology, the
distribution zone of S. purum corresponds to a part
of Spain with a humid temperate climate and
warm summers (Anonymous, 1992). According to
Gorczynski’s Continentality Index (Carballeira et
al., 1983), this zone is also classified as an oceanic
or hiperoceanic region (Fig. 1). However, although
the climate of the inland zone is also classified as
temperate, it is further characterized by dry, and
warm or hot summers, typical of the transition
zone between oceanic and continental areas (Fig.
1). In the coastal zone the annual average rainfall
is greater than 800 mm (in some mountainous
regions reaching up to 2000 mm year ), whereasy1
in the inland area, where S. purum was scarce, the
average annual rainfall is approximately 400 mm.
Therefore, in future studies of this kind, it is
recommended H. cupressiforme to be sampled as
it is the most cosmopolitan of all the mosses
studied. In areas where H. cupressiforme does not
appear, S. purum should be sampled, although this
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Table 2
Values of the ratio of the concentration of a given element in
each of the two moss species studied (H. cupressiformeyS. pur-
um), calculated for the present study and four other similar
studies
A B C D E
Al 1.93 1.36 1.33
As 1.50 1.10 0.67
Cr 1.35 1.21 1.04 0.53 1.00
Cu 1.07 1.01 0.98 1.14
Fe 1.58 1.17 1.70 0.46 1.27
Hg 0.90 1.06 1.22 0.67
Ni 1.37 1.71 1.13 1.23
Pb 1.61 1.65 1.50 0.90
Zn 0.88 0.94 0.87 1.06 1.12
(A) This study; (B) Fernandez et al. (2000b); (C) Bargagli´
et al. (1995); (D) Galsomies et al. (1999); (E) Wolterbeek et`
al. (1995).
Table 1
Mean, standard deviation (S.D.), coefficient of variation (CV), minimum (Min), maximum (Max) and median concentrations of
different elements (mg g d.w.) in H. cupressiforme and S. purum samples collected in northern Spainy1
Al As Cr Cu Fe Hg Ni Pb Zn
H. cupressiforme
Mean 1048.3 0.405 2.68 6.86 868.2 0.038 2.79 9.35 48.8
S.D. 987.8 0.533 2.06 3.17 901.8 0.026 1.92 15.18 23.5
CV (%) 94 131 77 46 104 70 69 162 48
Min 243.2 0.019 0.10 2.49 138.0 0.001 0.57 1.04 8.7
Max 5958.8 3.695 11.01 29.06 7016.7 0.177 14.10 153.0 111.3
Median 717.3 0.204 2.51 5.98 617.0 0.037 2.28 6.59 44.6
S. purum
Mean 544.2 0.27 1.984 6.401 548.2 0.042 2.04 5.795 55.19
S.D. 448 0.27 1.67 2.27 569.5 0.031 1.35 6.014 18.44
CV (%) 82.34 99.9 84.18 35.47 103.9 73.17 66.5 103.8 33.42
Min 156.5 0.01 0.176 3.201 135.1 0.004 0.54 0.035 25.54
Max 2717 1.28 9.801 14.4 4029 0.203 7.76 39.15 117.7
Median 426.3 0.19 1.682 6.021 405.4 0.034 1.77 4.262 53.69
would appear only in coastal areas, where this
species is widely distributed. For sampling in drier
areas of Spain (S–SE) another alternative species
to H. cupressiforme would have to be found.
3.2. Comparison between species
The results of the analyses of the moss samples
are shown in Table 1. Mean and maximum levels
of all metals, except Hg and Zn, were higher in
H. cupressiforme than in S. purum. The coefficient
of variation was similar for almost all elements in
both species although the value was much higher
for As and Pb in H. cupressiforme.
For each of the elements studied, we calculated
the ratio between the concentration in H. cupres-
siforme and in S. purum for comparison with the
corresponding ratios obtained in other similar stud-
ies (Fernandez et al., 2000b; Galsomies et al.,´ `
1999; Bargagli et al., 1995; Wolterbeek et al.,
1995) (Table 2). In four out of the five studies
compared, the concentrations of almost all of the
elements were higher in H. cupressiforme than in
S. purum.
Regression analysis was used to compare the
results obtained for the two species; the regression
lines corresponding to elements analysed in sam-
ples collected from sites where both species
occurred, are shown in Fig. 2. The regression lines
obtained for all elements were significant at P-
0.001, except for those corresponding to Hg (P-
0.05) and Zn (P-0.01). The dashed lines
represents the lines of slope equal to 1, which
correspond to the hypothetical regression lines that
would be obtained if there were no differences in
bioconcentration in H. cupressiforme and S. pur-
um. Comparison of the slopes of the regression
lines obtained with the hypothetical lines showed
that there were statistically significant differences
for Al, Ni and Pb (P-0.01) and for Fe (P-0.05).
The two species therefore must take up these
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Fig. 2. Plots showing results of the interspecies comparison between H. cupressiforme and S. purum. The black line is the regression
line and the dashed line is the line of slope equal to 1 (see text for details).
elements in different ways, whereas uptake of As,
Cu, Cr, Hg and Zn is similar in the two species.
Taking into account the distribution of the two
species studied, and given that the most of the S.
purum samples were found in the coastal zone, the
regression analysis was repeated, including only
data for coastal sites at which both species were
found. The results were identical to those of the
previous analysis.
The interspecific differences in bioconcentration
of the elements studied can be explained in various
ways. Folkeson (1979) states that differences in
the way that different species accumulate contam-
inants are related to morphology. H. cupressiforme
has a more branched structure than S. purum, and
therefore a larger surface area exposed to the air,
for the same weight of tissue. This clearly affects
the uptake of elements that are usually present in
particulate form in the atmosphere (Halleraker et
al., 1998), and elements of typically mineral ori-
gin, such as Fe and Al, are better retained by H.
cupressiforme, as shown in Table 1. Another expla-
nation for the differences in bioconcentration is
the types of mats that the two species form as
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they grow. As previously pointed out by Sucharova´
and Suchara (1998), H. cupressiforme forms more
dense mats than S. purum and is therefore able to
capture elements from the atmosphere more effi-
ciently. The third possible reason for the differenc-
es observed is the difference in growth rates of
the two species, whereby differences in tissue
levels of metals are brought about by a diluting
effect. Zechmeister (1995) found that, compared
with other species such as P. schreberi (which is
very similar to S. purum), the growth rate of H.
cupressiforme was slow, therefore even though the
same amounts of contaminants were taken up by
each species, there would be less dilution in the
tissues of the latter and the overall concentrations
of the elements would be greater. The differences
in bioconcentration can therefore be explained by:
different morphology, the types of mats formed
and different growth rates.
3.3. Intercalibration
To avoid s.s. being selected only the basis of
the presence or absence of a particular species,
more than one species must be used and therefore
intercalibration of the responses of the different
species to varying levels of contaminants is
required (Wolterbeek and Bode, 1995). This type
of calibration has previously been used in similar
studies carried out at both regional (Fernandez et´
al., 2000b) and national level (Galsomies et al.,`
1999; Berg and Steinnes, 1997; Thoni et al., 1996),¨
although criticism has also been made of the
intercalibration method (Wolterbeek et al., 1995;
Reimann et al., 2001).
Intercalibration is carried out using the data
from the s.s. where both of the selected species
grow. The results can therefore be expressed in
terms of a single species, in this case H. cupres-
siforme, the most widely distributed of the two
species. We used the S. purum data as the inde-
pendent variable and the H. cupressiforme data as
the dependent variable. The intercalibration lines
for those elements for which there were significant
differences in bioconcentration in the two species
are shown in Fig. 3.
It should be pointed out that interspecies cali-
bration is affected by the range of concentration
of elements as well as the environmental condi-
tions of the different areas, and its use must be
carefully considered and perhaps limited to cor-
recting data in large scale studies and to mapping
element distributions.
3.4. Spatial distribution of pollutants
In order to examine the dispersion of the ele-
ments studied, distribution maps of each were
prepared (Fig. 4). Where possible, the data corre-
sponding to H. cupressiforme were used, but where
this species was not found, S. purum data were
used and corrected using the intercalibration
equations.
3.4.1. Aluminium
The regional distribution of Al in the moss
samples was typical of an element available to
moss almost exclusively from the soil (as suspend-
ed particles). This was clear because the distribu-
tion of the sites with the highest concentrations of
Al in moss was unrelated to e.g. industrial andyor
urban foci. The distribution of these points coin-
cided, in many cases, with areas in which the
lithology is dominated by schists or sandstones,
which usually contain high levels of this element
(Salomons and Forstner, 1984).¨
3.4.2. Arsenic
In the western part of the study area, high
concentrations of As were associated, in the north,
with the presence of two coal-fired power plants,
and in the south with use of pesticides in agricul-
tural activities (Fernandez et al., 2000b). Towards´
the centre and the east of the zone, the highest
levels of As coincided with industrial areas.
3.4.3. Chromium
Although the presence of Cr in moss was mainly
due to contamination of edaphic origin, the distri-
bution of sites with the highest levels of this
element coincided with the presence of industrial
foci. In the W, the levels of Cr may have been
related to the presence of power plants, whereas
in the E they were associated with other types of
industrial installations (e.g. iron and steel mills).
In the central area and in the S, the concentrations
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Fig. 3. Comparison of the concentrations of some of the elements determined in the mosses H. cupressiforme and S. purum.
of Cr recorded in the mosses appeared to be related
to the dominant lithology of the area.
3.4.4. Copper
The pattern of distribution of this element was
fairly uniform throughout the whole of the area
studied. Copper can be emitted from a wide range
of sources, e.g. the metal industry, mining, coal-
fired plants, traffic and even soil (Ruhling and¨
Steinnes, 1998), which explains the distribution
observed.
3.4.5. Iron
Uptake of this element in terrestrial mosses is
mainly related to edaphic contamination, however
this source alone does not account for the distri-
bution observed in the area. Coal-fired power plant
emissions also contain Fe, which explains the high
levels recorded at specific points in the NW.
Similarly, the presence of iron smelters in the E
accounts for the Fe levels in this area. Finally, in
the central and southern zones, where erosion
occurs (due to the dryness and the lack of vege-
tation), the pattern of distribution may be related
to the presence of particles originating from the
soil.
3.4.6. Lead
The levels of lead varied little throughout the
area. This may be because one of the main sources
of Pb is road traffic, which was present to a similar
extent throughout the whole area. There are spe-
cific industrial foci, such as a coal-fired power
plant in the NW and other kinds of factories in
the E. The highest level of Pb (153 mg g ),y1
recorded in the central zone, deserves special
comment. The s.s. where this high level was
recorded is situated in the surroundings of a factory
in which Pb is recovered from used car batteries,
indicating that there were serious faults in the
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Fig. 4. Spatial distribution of elements determined (mg g d.w.) in moss samples in the northern Spain survey. The radius of eachy1
circle is proportional to the concentration of each element.
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Fig. 4. (Continued).
industrial process whereby large amounts of this
element were allowed to be emitted to the
atmosphere.
3.4.7. Mercury
The pattern of distribution of Hg was very
uniform throughout most of the area, except the
NW, where there are two main sources of this
element. Firstly, in the N, there are two power
plants responsible for the relatively high emissions
of Hg within this area (Spanish Ministry of the
Environment, pers. comm.). Secondly, in the S,
there is a chlor-alkali plant, around which the
highest levels of Hg of the whole study area were
found (Fernandez et al., 2000a).´
3.4.8. Nickel
The distribution of Ni was similar to that of Cu.
The highest levels coincided with areas close to
different types of industrial premises: chemical
factories and metallurgical, petrochemical or power
plants.
3.4.9. Zinc
As with Pb, the distribution of Zn was fairly
uniform throughout the whole study area, with
areas of high deposition in the NW, within the
range of influence of two power plants, and in the
E, in the area surrounding metallurgical plants.
One factor contributing to the uniformity of the
levels of this element is that levels of Zn in moss
are often high; furthermore, the capacity of reten-
tion of this element by mosses is relatively low,
therefore, very high environmental concentrations
would be required to produce high uptake of Zn
(Ruhling and Steinnes, 1998).¨
We calculated the surface area of the study zone
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Table 3
Ranges of concentrations of different elements in mosses, the percentage number of s.s. at which each range occurred and the
corresponding surface area
Element Concentration Percentage Area Element Concentration Percentage Area
range of s.s. in (km )2 range of s.s. in (km )2
(mg g d.w.)y1 the zone (mg g d.w.)y1 the zone
Al -500 37 55 172 As -0.15 35 52 874
500–1000 36 54 023 0.15–0.30 26 39 080
1000–2000 15 22 989 0.30–0.50 16 24 138
2000–4000 10 14 943 0.50–1.0 13 19 540
)4000 2 2299 )1.0 9 13 793
Cr -1.25 28 42 529 Cu -5.0 22 32 184
1.25–2.5 25 37 931 5.0–6.5 32 48 276
2.5–3.5 28 41 379 6.5–9.0 28 41 379
3.5–5.0 10 14 943 9.0–14.0 17 25 287
)5.0 8 12 644 )14.0 2 2299
Fe -500 44 65 517 Hg -0.025 32 48 276
500–1000 35 52 874 0.025–0.05 38 56 322
1000–1800 12 17 241 0.05–0.08 21 31 034
1800–3900 8 11 494 0.08–0.10 8 11 494
)3900 2 2299 )0.10 2 2299
Ni -1.6 22 32 184 Pb -5.0 42 62 069
1.6–2.5 38 56 322 5.0–10.0 35 51 724
2.5–3.8 23 34 483 10.0–20.0 21 31 034
3.8–6.5 13 19 540 20.0–40.0 2 3449
)6.5 5 6897 )40.0 1 1149
Zn -40.0 37 55 172
40.0–60.0 35 51 724
60.0–80.0 17 25 287
80.0–100.0 8 12 644
)100.0 3 4598
Table 4
Background levels (mg g d.w.) of the elements studied, iny1
samples of H. cupressiforme and S. purum from northern Spain
H. cupressiforme S. purum
Al 518.5 320.5
As 0.144 0.145
Cr 1.52 1.19
Cu 4.82 4.95
Fe 458.8 323.0
Hg 0.016 0.018
Ni 1.83 1.23
Pb 4.51 2.76
Zn 29.2 40.8
corresponding to each range of concentrations used
in preparing the distribution maps (Table 3). For
this, we took into account the density of s.s., the
number of s.s. corresponding to each range and
the total surface area studied (approximately.
150 000 km ). For all of the elements studied,2
most of the surface area corresponded to the two
lowest concentration ranges: between 53% of the
s.s for Cr and 79% for Fe, which demonstrates
that the area was relatively unaffected by deposi-
tion of the elements studied.
3.5. Background levels and contamination factors
3.5.1. Estimation of background levels
The background levels of the 9 elements studied
in H. cupressiforme and S. purum (Table 4) were
obtained by modal analysis.
When it is considered that the two species differ
in their capacity to accumulate elements, as men-
tioned in previous sections, it is easy to understand
why background levels must be calculated for
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Table 5
Percentage distribution of s.s. in each category of contamination, according to the CF calculated from the levels of each of the
elements analysed in samples of H. cupressiforme and S. purum collected in northern Spain
Category Contamination Al As Cr Cu Fe Hg Ni Pb Zn
1 None 30 36 30 18 32 24 25 25 22
2 Suspected 42 25 33 66 39 30 53 46 46
3 Slight 15 17 27 14 16 35 15 16 26
4 Moderate 12 12 8 1 10 10 5 10 5
5 Severe 2 8 2 1 2
6 Extreme 1
each. Furthermore, a particular species may not
grow at some s.s. and therefore the background
level in the alternative species must be known.
The data shown in Table 4 can be grouped
according to whether the elements are present at
higher concentrations in one or other species. The
levels of Al, Cr, Fe, Ni and Pb were higher in H.
cupressiforme than in S. purum, whereas the oppo-
site was true for Zn; the levels of As, Cu and Hg
were similar in both species. The differences in
levels of Al, Cr, Fe, Ni, Pb and Zn were statisti-
cally significant (P-0.001).
The background levels of most elements were
significantly different in each moss species, there-
fore, although this was not true for As, Cu and
Hg, it is recommended that the background level
corresponding to each species is always used.
3.5.2. Contamination factors
Once the background levels are known, it is
possible to calculate the value of the CF for each
sample and each element. The results can therefore
be interpreted, not in absolute terms, but in relative
terms—on the basis of the ratio between the
concentration of an element and its corresponding
background level.
The values of the percentage of s.s. correspond-
ing to each category of contamination, based on
the CF values, are shown in Table 5. Only a very
low percentage of the s.s. were classified in the
categories corresponding to the highest degrees of
contamination (categories 5 and 6). It was there-
fore concluded that, in general terms the mosses
in the area studied were not seriously contaminated
by the elements analysed.
Acknowledgments
This project was partly funded by the CICYT
(Comision Interministerial de Ciencia y Tecno-´
logıa), project no. AMB 97y1173. Drs. E. Nunez´ ˜
and J. Martınez-Abaigar thank the financial aid of´
the Ministerio de Ciencia y Tecnologıa de Espana´ ˜
(project no. PB98-0202).
References
Anonymous, 1992. Atlas Nacional de Espana. Seccion II:˜ ´
Climatologıa. Instituto Geografico Nacional, Centro Nacion-´ ´
al de Informacion Geografica, Madrid, 1992.´ ´
Bargagli R, Brown DH, Nelli L. Metal biomonitoring with
mosses: procedures for correcting for soil contamination.
Environ Pollut 1995;89(2):169–175.
Berg T, Steinnes E. Use of mosses (Hylocomium splendens
and Pleurozium schreberi) as biomonitors of heavy metal
deposition: from relative to absolute deposition values.
Environ Pollut 1997;98(1):61–71.
Carballeira A, Couto JA, Fernandez JA. Estimation of back-´
ground levels of various elements in terrestrial mosses from
Galicia (NW Spain). Water Air Soil Pollut 2002;133(1–
4):235–252.
Carballeira A, Devesa C, Retuerto R, Santillan E, Ucieda F.´
Bioclimatologıa de Galicia. La Coruna: Fundacion Pedro´ ˜ ´
Barrie de la Maza, 1983.´
Fernandez JA, Aboal JR, Carballeira A. Use of native and´
transplanted mosses as complementary techniques for biom-
onitoring mercury around an industrial facility. Sci Total
Environ 2000a;256:151–161.
Fernandez JA, Carballeira A. Evaluation of contamination, by´
different elements, in terrestrial mosses. Arch Env Cont Tox
2001;40:461–468.
Fernandez JA, Rey A, Carballeira A. An extended study of´
heavy metal deposition in Galicia (NW Spain) based on
moss analysis. Sci Total Environ 2000b;254:31–44.
127J.A. Fernandez et al. / The Science of the Total Environment 300 (2002) 115–127´
Folkeson L. Interspecies calibration of heavy metal concentra-
tions of nine mosses and lichens-applicability to deposition
measurements. Water Air Soil Pollut 1979;11:253–260.
Galsomies L, Letrouit MA, Deschamps C, Savanne D, Avnaim`
M. Atmospheric metal deposition in France: initial results
on moss calibration from the 1996 biomonitoring. Sci Total
Environ 1999;232:39–47.
Gerdol R, Bragazza L, Marchesini R, Alber R, Bonetti L,
Lorenzoni G, Achilli M, Buffoni A, De Marco N, Franchi
M, Pison S, Giaquinta S, Palmieri F, Spezzano P. Monitoring
of heavy metal deposition in Northern Italy by moss
analysis. Environ Pollut 2000;108:201–208.
Grodzinska K, Szarek G, Godzik B. Heavy metal deposition
in Polish National Parks—changes during ten years. Water
Air Soil Pollut. 1990;49:409–419.
Halleraker JH, Reimann C, De Caritat P, Finne TE, Kashulina
G, Niskaavaara H, Bogatyrev I. Reliability of moss (Hylo-
comium splendens and Pleurozium schreberi) as a bioindi-
cator of atmospheric chemistry in the Barents region:
interspecies and field duplicate variability. Sci Total Environ
1998;218:123–139.
Himberg KK, Pakarinen P. Atmospheric PCB deposition in
Finland during 1970s and 1980s on the basis of concentra-
tions in ombrotropic peat mosses (Sphagnum). Chemosphere
1994;29(3):431–440.
Reimann C, Niskavaara H, Kashulina G, Filzmoser P, Boyd
R, Volden T, Tomilina O, Bogatyrev I. Critical remarks on
the use of terrestrial moss (Hylocomium splendens, Pleuro-
zium schreberi) for monitoring of airborne pollution. Envi-
ron Pollut 2001;113:41–57.
Ruhling A, editor. Atmospheric heavy metal deposition in˚¨
Europe—estimation based on moss analysis. Copenhagen:
NORD 1994:9; 1994.
Ruhling A, Steinnes E, editors, Atmospheric heavy metal˚¨
deposition in Europe 1995–1996. Copenhagen: NORD
1998: 15; 1998.
Ruhling A, Tyler G. Sorption and retention of heavy metals in˚¨
the woodland moss Hylocomium splendens (Hedw.). Br et
Sch Oikos 1970;21:92–97.
Salomons W, Forstner U. Metals in the hydrocycle. Berlin:¨
Springer, 1984.
Sawidis T, Heinrich G. Cesium-137 monitoring using lichens
and mosses from northern Greece. Can J Bot 1992;70:140–
144.
Sokal R, Rohlf J. Biometry. New York: W.H. Freeman &
Company, 1995.
Sucharova J, Suchara I. Atmospheric deposition levels of´
chosen elements in the Czech Republic determined in the
framework of the International Bryomonitoring Program
1995. Sci Total Environ 1998;223:37–52.
Thoni L, Schnyder N, Krieg F. Comparison of metal concen-¨
trations in three species of mosses and metal freights in
bulk precipitations. Fres J Anal Chem 1996;354:703–708.
Wolterbeek HT, Bode P. Strategies in sampling and sample
handling in the context of large-scale plant biomonitoring
surveys of trace element air pollution. Sci Total Environ
1995;176:33–43.
Wolterbeek HT, Kuik P, Verburg TG, Herpin U, Markert B,
Thoni L. Moss interspecies comparisons in trace elements¨
concentrations. Environ Monit Assess 1995;35:263–286.
Zar JH. Biostatistical analysis. London: Prentice-Hall Interna-
tional Editions, 1984.
Zechmeister HG. Growth rates of five pleurocarpus moss
species under various climatic conditions. J Bryol
1995;18:455–468.
